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INTRODUCTION 

This r e p o r t  conta ins  the LEM Mass Proper t ies  s t a t u s  as 
of December 19, 1965 f o r  the Lunar Landed Vehicle. The t o t a l  
weight a t  Separation i s  32,204.8 pounds, which i s  26.5 pounds 
l i g h t e r  than t h a t  previously repor ted  i n  LED-490-27, dated 
1 kcember 1965. 

A summary of changes since the  l a s t  r epor t  i s  as follows: 

A. Ascent Stage i n e r t  * weight + 14.8 pounds 
B. Ascent Stage propel lant  - 31.8 pounds 
C. Descent Stage i n e r t  * weight - 6.8 pounds 
D. &scent  Stage propel lant  - 2.7 pounds 

To ta l  LEM Weight Change a t  Separat ion -26.5 pounds 

A more d e t a i l e d  breakdown of  t he  changes s ince  the  l a s t  
r e p o r t  i s  included on page 12 Changes included i n  t h i s  
r e p o r t  are as follows: 

A. 
3. Revision of A t t i t u d e  Controi Propel lant .  
C. 

D. 

Addit ional  Super Weight Improvement Program weight savings. 

Incorporation of Contract Change Authorizat ion (CCA)  weight 
changes. 
General updat ing of weight based on cu r ren t  data .  

Port ions of the  weight changes incurred by CCA's 131, 146 
and 156 were incorporated i n  previous weight r epor t s  as changes 
i n  vendor weights and GFE weights with no reference t o  the  
appl icable  CCA. Any necessary adjustment of r e s p o n s i b i l i t y  f o r  
these  weight changes were made i n  t h i s  repor t .  

The assumed AV Budget of 13,918 fps .  f o r  the  LEM Reference 
Mission remains unchanged s ince the  l a s t  repor t .  
of t h i s  budget i s  Ascent AV= 6586 fps.  and Descent AV= 7332 fps.. 
The reference mission requires  more propel lan t  than the  c r i t i c a l  
abor t  
Report, LED-490-23. 

The d i s t r i b u t i o n  

mission, which w a s  defined i n  the  August LEM Mass Property 

Scrape e f f o r t  on 1032 pounds of ascent  s t r u c t u r e  ind ica t e s  
a cu r ren t  p o t e n t i a l  weight saving of 135 pounds. 
of saving incorporated i n  t h i s  r e p o r t  br ings the  t o t a l  incorpora- 
t e d  ascent  s t r u c t u r e  weight saving t o  106.9 pounds. 
of descent s t r u c t u r e ,  reviewed and scraped, c u r r e n t l y  ind ica t e s  
a cur ren t  p o t e n t i a l  weight saving of 112 pounds. 
of  saving incorporated i n  t h i s  r e p o r t  b r ings  the  t o t a l  incorpora- 
ted descent s t r u c t u r e  weight saving t o  30.5 pounds. 

The 8.7 pounds 

The 923 pounds 

The 9.2 pounds 

* I n e r t  weight includes all non-propulsion expendables. 

ne Dart LEU- 4~ u- 20 
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INTRODUCTION - Cont. 

Exclusive of the  scrape e f f o r t ,  the  t o t a l  incorporated 
SWIP items reduce the  weight of the  ascent  s t age  19.2 pounds 
and the  descent s t age  58.c pounds. 
reduction of 19.2 pounds r e f l e c t s  oniy t h e  weight increase 
port ion (+13 pounds) of SWIP i t e m  LWSS 270B-16, Delete Baffles 
i n  LEM Propel lant  Tanks. The weight reduction po r t ion  of t h i s  
trade-off type i t e m  ( s e e  Pending Changes) w i l l  be incorporated 
i n  subsequent reports .  

The ascent  s t age  SWIP weight 

A breakdown of t h e  SWIP items incorporated t o  date i n  the  
LEM weight r epor t  i s  as follows: 

LWSS 
Number 

510~-1 

270~-8 

520~-1 

370A-2 

310~-2 

270~46 

3 gOB- 12 

- 

I n e r t  Weight 
By Stages Ef fec t ive  

SWIP Items 
LED-490-25 Scrape Ef fo r t  
LED-496-26 Scrape Ef fo r t  
LED-490-27 Scrape Ef fo r t  
LED-490-28 Scrape Ef fo r t  

Ascent 
-22.1 
-62.2 
-13.9 
- 8.7 

Replace thermal pa ic t  wit,h et,Che;7 
surface treatment on thermal 
sh i e lds .  -24.0 

Remove redundancy of helium 
p res su r i za t ion  regulators.  

Landing v e l o c i t y  envelope reduction 
to :  lC;-,7-4 &sign. 

Eliminate s t roke  adjustment on 
gimbal d r ive  actuator.  

Reduction i n  sa fe ty  f a c t o r  on RCS 
pres su r i za t ion  b o t t l e s  from 2e0 t o  
1.5. - 5.4 

Delete b a f f l e s  i n  LEM prope l l an t  
tanks. ( P a r t i a l l y  incorporated - 
P a r t  ( e ) )  +13.0 

El imina te  automatic switchover 
(Phase 2) c i r c u i t r y  f o r  ECS glycol  pumps. - 1.5 

380B-2 Delete 80-foot cable f o r  use of 
e x t e r n a l  TV. A l s o  d e l e t e  t r i p o d  
and 10-inch cable. - 1.3 

Tota l  Weight-Incorporated SWIP Changes -126.1 

Descent Weight 
-93 0 

-12.5 -288.2 
- 8.8 -77.3 
- 9.2 -56.1 

-24.0 -150.0 

- 4.0 - 8.5 

- .4 - -8 

-22.6 

+25.5 

- 6.3 

- 3.0 -10.2 

-88.5 -744.2 

G R U M M A Y  A l l ) C R A , I T  E N G I N E E l l N G  C O R P O R A T I O N  
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INTRODUCTION - Cont. 

The information for  the  C r i t i c a l  Design Reviews ( C D R )  
i s  based on t h i s  January lSt Report. 
t i on  by subsystem w i l l  d i f f e r  s ince  the  explosive devices were 
broken out s e p a r a t e l y  f o r  the CDR. 

However, the weight d i s t r i b u -  

Subsystems af fec ted  by t h i s  a r e  noted as follows: 

Subsys tern 

Structure  - Ascent - Descent 

Hardware Weight 

CDR AWeight - LED- 490 - 28 
1212.0 - 8.0 1204.0 
1381. a - 9.3 1372.5 

Landing Gear 483.5 - 4.0 479.5 

E. P. S. 1421.9 - 7.0 1414.9 

Explosive Devices - Ascent O* + 8.0 8.0 
- Descent O* +20.3 20.3 

* Integrated i n  other  Subsystems. 

G R U M M A N  AIRCRAFT E N G I N E E R I N G  C O R P O R A T I O N  
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Table 
SUMMARY OF LE24 WEIGHT 

- 
MISSION PHASE 

Description 

Prelaunch (Launch Vehicle Fueling) 

Launch 

B r t h  Parking Orbit  

Translunar In j ec t ion  

Translunar Coast- Pr ior  t o  
Transposit ion 

-IXlring Transposit ton 

-Subsequent t o  Transposition 

Lunar Orbit- Inser t ion  

-Coast P r io r  t o  Separation 

-Che cKout 
------------ 

Separation and Inser t ion  to  
Descent Transfer Orbit  

Zoast i n  Descent Transfer Orbit  

Powered Descent (& Hover) 

bmar Staytime 

Powered Ascent 

Parking Orbi t  Contingency *** 
Zoasting Ascent Transfer 

Rendezvous 

Docking 

- -- -- - -- --- 
----------- 

Crew Transfer 

p x m a n t  LEM Time 

P O R T I N G  MISSION 

ELAPSED TIME- 
FROM 

EARTH LAUNCH 

Hours 
-10 

0 

3 

3 

3 

3 

64 

64 

65 

68 

68 

69 

69 
104 

104 

105 

105 

105 

105 

H i  nu t e  s 
0 

0 

12 

1 

6 

21 

5 1  

1 5  

21 

47 
b 

24 

22 

32 
17 
24 

11 

19 

34 

44 

IAct ive  LEM Time 
Post-Separation LEM Time 
Total  LEM Period 
* Descent Period - 1 Hour 28 Minutes 

EPORTING MISSION 
(Day Ianding) 
For Loading 
Expe I 

Hours 

10 

2 

60 

1 

2 

34 

75 

115 

nbles 
rlinutes 

12 

49 

5 

1 5  

30 

24 

6 

26 

17 

20 

58 

10 

45 
7 

47 

8 

1 5  

10 

47 

**Ascent Period - 1 Hour 27 Minutes 
***The Design Reference Mission (DRM) does not  appear t o  have any Parking Orbit  Contg.. 

O I U Y Y A N  A I I C I A l l  1 N O l N f f t l N O  C O I P O I A I I O N  
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Table 4 

LEM CURRENT WEIGHT MISSION HISTORY BY STAGES 

MISSION PHASE AND 
CONSUMABLE DESCRIPTION 

EARTH LAUNCH AND 
TRANSLUNAR I N J E C T I O N  

ASCE. 
DRY 

WEIGHT 
(LES) 

4753.6 
I 

Crew and Equipment 
RCS - Checkout Propel lant  
ECS - Umbilical Hardware - Oxygen - Water 
S c i e n t i f i c  Equipment 
COW - TV Camera 

SEPAFATI ON - 

+538.8 
-4.4 
-1.0 

+80.0 
+7.8 

5374.8 

Water and Oxygen 
Descent AV Propellant 

- Main - RCS 
RCS - Att i tude  

LUNAR TOUCHDOWN 

S c i e n t i f i c  Samples & Equip. 
J e t t i soned  on Lurain 
RCS - Checkout Propellant 

LUNAR LIFT-OFF 

-165.6 

5299.2 

-98.4 
-4.4 

5106 . 4 
ECS - GOX 

Ascent AV Propellant 
- Water 

- Main - RCS 
RCS - Atti tude Propellant 

-.8 
-11.5 

BURJYOUT ( DOCKING) I 5037.5 

c STAGE I DESCENT STAGE 
LV-PROPELL I DRY 

J 
Report LED-490 - 28 

a t e  1 January 1966 
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Table 5 

LEM WEIGHT COMPARISON 
AT SEPARATION BY STAGES 

Item Subs ys tern - 

A. Ascent Stage Weight at Separation 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 

8.0 
9.0 

10.0 

11.0 
12.0 

Structure 
Stabilization and Control 
Navigation and Guidance 
Crew Provisions 
Environmental Control 
Landing Gear 
Instrumentation - Operational 
Electrical Power Supply 
Propulsion System 

- Scientific 

Propulsion Inert 
Propellant (Includes 130.3# trapped) 

Propulsion Inert 
Propellant (Includes 58.w trapped) 

Reaction Control 

Communications 
Controls and Displays 

B. Descent Stage Weight at Separation 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7-00 

8.0 
9.0 

11.0 

Structure 
Stabilization and Control 
Navigation and Guidance 
Crew Provisions 
Environmental Control 
Landing Gear 
Instrumentation - Operational 
Electrical Power Supply 
Propulsion System 

Communications (Portable) 

- Scientific 

Propulsion Inert 
Propellant (Includes 473.w trapped) 

Total Separation Weight ( A & B) 

i2 / i /6  5 

10335.6 

1229.0 
82.9 

302.5 
748.0 
383.3 

Weight 

-- 
166 . 6 

760.0 
(5368.2) 

565.5 
4802.7 
(878.6) 
285.9 
592.7 
122.5 
214.0 

80.0 

21895. '1 

1391.0 
15.4 
33.3 
20.0 

358.1 
496.8 

6.6 
170.0 

1190.2 

18.5 

667.9 
(18718.1) 

17527.9 

32231.3. 

Current 
Weight 

10318.6 

1212 . 0 
81.6 

305.4 
747.5 
392.9 

151-  9 
80.0 

754.0 
( 5 3 5 9 4  

568.5 
4791.1 
( 895 . 3) 
300.9 
594.4 
126.8 
211 . 6 

21886 2 

-- 

1381.8 
15.3 
39- 0 
20.0 

366.4 
483.5 

5.1 
170.0 

4 667.9 
(18719.2) 

1194.0 
17525 2 

18.0 

32204.8 

Weight 

-17.0 

-17. 0 
-1. 3 
+2.9 
- 05 
+9.6 

-14 . 7 
0 

-6.0 
(-8.6) 

-- 

+3.0 
+11 e 6 
(+16 . 7) 
+15.0 

+4.3 

-9.5 
-9.2 
- 01 
+5-7 

0 
+80 3 

-13 3 
-1.5 
0 
0 

(+l.l) 
+3.8 
-2.7 
- 05 

-26.5 

+1. 7 

-2.4 

Report LED-490-28 
Date 1 January 1966 
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1. 

2. 

3. 

4. 

5. 

6. 

7- 

8. 

9. 

10. 

Pending Changes 

Estimated Weight Increment 
Ascent Descent Se a r a t i o n  

. (Inert*)- ( Iner t*)  

Delete the  Redundant Pressur iza t ion  Feed 
System from the  Reaction Control Subsys- 
tem - LWSS 3lOB-l Weight Reduction. -11.1 

Reduce the  LEM hover t i m e  by one minute- 
Proposed Weight Reduction i s  i n  terms of 
equivalent  i n e r t  weight a t  Touchdown. 

Incorporate the  stowage provisions fo r  
a d d i t i o n a l  Government Furnished Equip- 
ment included i n  reference 5. 

Eliminate Landing Gear Thermal Pa in t  
s ince  it i s  not  an e f f e c t i v e  r egu la t ion  
of t he  honeycomb ca r t r idge  temperature. 
Solut ions t o  t h i s  problem are being 
s tudied.  

Provide a heated enclosure for the  
pyrotechnic b a t t e r i e s .  

Actual weights of pre-production 
Propulsion propel lan t  tanks ind ica t e  
changes from the  nominal calculated 
weights 

A. Descent Tanks 
B. Ascent Tanks - 8.6 

Incorporate the  Opt ica l  Tracker I n s t a l l -  
a t i o n  i n  l i e u  of the  Rendezvous Radar and 
the  Alignment Opt ica l  Telescope. -75.4 

Actual weights of AEDC engine ind ica t e s  
t he  weight of t he  ascent  engine w i l l  be 
lower than reported.  - 6.5 

Reduce the  s ize  of the  Super C r i t i c a l  
Helium Heat Exchanger due t o  b e t t e r  
hea t  t r a n s f e r  than o r i g i n a l l y  estimated. 

Delete b a f f l e s  from propel lant  tank based 
on cu r ren t  dynamic ana lys i s  and RCS pro- 
p e l l a n t  t rade-off  stud'ies - LWSS 270A-19 
Weight Reduction. (RCS propel lant  i s  
incorporated i n  t h e  cu r ren t  vehic le  weight. )-21.8 

* I n e r t  weight excludes A V Propellant.  

-46.7 

-530.0 -1130.1 

- 

+8.0 +17.1 
-36.0 

-315.8 

-27.3 

-6.0 -12.8 

-37.9 -172.1 
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GOVERNMENT FURNISHED EQUIPMENT 

The Government Furnished Equipment l i s t  i n  the 
previous report ,  r e f .  10,  i s  unchanged s ince no 
f u r t h e r @ o f f i c i a l  data  was received from MSC. 

The contractor submitted Specif icat ion Change 
Notice (SCN)#27 against  LSP 470-IA for approval. 
This SCN r e f l e c t s  the contractor 's  current  understanding 
of Government Furnished Equipment i n  terms of weight 
and locat ion a t  various mission events. This SCN, 
approved o r  amended, is expected t o  be the base of the 
next Government Furnished Equipment L i s t  published i n  
a subsequent LEM Mass Property Report. 
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LIS" ~F~~NC7s 

MSC l e t t e r  PL2-13-64-571, dated 26 October 1964, "Contract NAS 
9-ll.00, Transmit ta l  of t he  Apollo Lunar Landing Design 
Reference Mission Trajectory." 

MSC le t te r  Pp6-13-64-646, dated 20 November 1964, "Contract NAS 
9-ll.00, LEM Weight Report." 

MSC l e t t e r  PL2-12-77/13-64-704, dated 1 4  December 1964, "Contract 
NAS 9-1100, Resolution of M-5 Mockup Review Chits 1-16 and 
1-20." 

MSC l e t t e r  BG54 65-78, dated 2 March 1965, "Contract NAS 9-1100, 
Contract Change Authorization No. 103, Covering an E l e c t r i c a l  
Power Subsystem Configuration Change." 

MSC l e t t e r  Ps5/~29-13-65-982, dated 1 5  November 1965, "Contract 
W S  9-1100, Current Weight S ta tus  of GFE Equipment.'' 

MSC l e t t e r  BG54 65-331, dated 31 August 1965, "Contract NAS 9-1100, 
Contract Change Authorization No. 131, Exhibi t  D, PLSS L i O H  
Cartridge and EMU O2 Recharge, Water Recharge, Gas, and Waste 
Connectors as GFE." 

MSC l e t t e r  E 5 4  65-426, dated 29 October 1965, "Contract NAS 9-1100, 
Contract Change Authorization No. 146, Replace Water Squib Valve 
with Manual Water Shutoff Valve." 

MSC l e t t e r  EG54 65-471, dated 24 November 1965, "Contract NAS- 
9-1100, Contract Change Authorization No. 156, Modifications 
t o  the ECS t o  F a c i l i t a t e  Changing of the  PLSS Water Supply." 

LED-490-23, dated 1 August 1965, "LEM Mass Property Report (U)." 

LED-490-27, dated 1 December 1965, "LEM Mass Property Report ( U )  .I1 

LED-490-100 Revision B, Re-issued 1 5  February 1965, Allocat ion 
of Propel lan ts  and AV t o  Meet the  AV Budget." 

LAV-500-155, dated 6 Ju ly  1965, "Required AV For Abort Using 
the  Ascent ESngine. 

LMO-310-247, dated 9 September 1965, "RCS Mission and Residual 
Propel lant  Requirements (U)  ." 

LMO-490-165, dated 10 February 1965, "Ascent and Descent Main 
Propel lant  Allocat ion,  C r i t e r i a  and Assumptions." 

LMO-500-352, dated 6 December 1965, "Estimated RCS Propel lant  
Required f o r  LEM Att i tude Maneuvers and Control for a Typical 
Lunar Mission." 

LM[J-340-50025, dated 25 September 1964, Inboard P ro f i l e .  
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17 LIM-280-10050, Revision E, dated 26 May 1965, "Geometry 
Ascent Stage -2 Tank" Drawing. 

18. LDW-280-17000, Revision C, dated 17 June 1965, "General 
Arrangement Descent Stage" Drawing. 

19 m~-360-22, Revision C, dated 1 5  November 1965, "LEM-1, -2, -3 
Measurements L i s t  . l t  
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